Purpose -The purpose of this paper is to identify the key aspects of performance measurement for maintenance management of office buildings, in order to enhance maintenance service delivery. Design/methodology/approach -A mixed method was adopted with the selection of five buildings as the case studies. In total, 1,230 questionnaires were distributed to the end-users of the buildings. Findings -This paper proposes a performance measurement system that is proved to be practical and suitable to measure the effectiveness of maintenance service delivery of office buildings. Research limitations/implications -Future research could focus on developing a performance measurement system from a strategic approach. Practical implications -The proposed performance measurement system is anticipated to facilitate the evaluation process for maintenance providers, as it has taken into account the key elements of a maintenance management system. Originality/value -The outcomes of this research are significant in their own right but also serve as a platform for future research in this area.
Introduction
Maintenance management or operations management are functions that transform input including people, capital, energy, materials and technology into outputs namely goods and services (Schmberger and Knod, 1997) . Coetzee (1998) defines this as activity that aims to optimise the availability and reliability of production equipment and maintain its operability at an acceptable cost level. It was also described as a systematic direction and control of operation processes (Certo, 2000) . These definitions have highlighted maintenance management as a systematic design used by the people that operate organisations in order to control the overall operation processes in transforming the inputs into goods and/or services.
Historically, facilities were ageing and constantly being renovated in a piecemeal fashion where actions were taken at different times or ways rather than being carefully planned from the beginning. Many renovations were limited in scope due to funding restraints and many times result in cosmetic change with few or no infrastructure improvements. This fragmentation could further lead to inefficiency of mechanical systems, customer complaints due to dissatisfaction with their facility or space environmental conditions, and eventually higher utility bills and maintenance costs. The growing acceptance of a need to measure the performance of services and facilities provided is in contrast to a lack of a systematic process for determining the appropriate measures (Amaratunga, 2000) .
Meanwhile, Hinks (2004) describes the position of maintenance management performance from his interviews with the facility managers to find their agreed set of indicators. The managers were uninterested in considering any facets of maintenance management performance below an established indicator level. They also did not generally consider any management process as they relied more on reactive actions based on clients' or users' complaints. It can be broadly concluded that the managers prefer carrying out reactive maintenance works rather than proactive works and at times do not consider clients satisfaction or indeed the service performance. There is also an increasing concern that maintenance management has been unprofessionally applied by the maintenance managers in many cases.
Most maintenance procedures allow for an oversight of common performance indicators, which usually represents the operational view of maintenance. However, there is little literature available that covers the development of a systematic approach to performance measurement in maintenance, one that embraces every aspect of maintenance, namely strategic, tactical and operational (Kutucuoglu et al., 2001 ).
Maintenance management: roles and the current scenario The significance of maintenance and its position in the world's diverse industries can be seen in progressive developments of manufacturing, refineries, mining and building. Egbu (2008) signifies the role of maintenance as the major driver of economic growth whereby it generates 45-60 per cent of fixed capital formation in many countries and also generates 5-15 per cent of gross domestic product. The role of maintenance in modern manufacturing is becoming ever more important with companies adopting maintenance as a profit-generating business element (Kutucuoglu et al., 2001) . While in refineries, the maintenance and operations department are very large and each department consists of up to 30 per cent of the total staffing (Dekker, 1996) . A study by the Swedish mining industry shows that the cost of maintenance in a highly mechanised mine can be 40-60 per cent of the operating cost (Danielson, 1987) . Facilities and maintenance management also contributes from 5 to 10 per cent of employment in individual countries where it supplies approximately 111 million people which constitutes the majority of labour force that is 75 per cent in developing countries (Egbu, 2008) . The role is particularly effective in developing countries due to the rapid and large-scale urbanisation which requires a large-scale of facilities and maintenance management. Wordsworth (2001) reports that building maintenance accounts for over half the building industry's total output, and for over two-third of the contracts let. The role of maintenance manager continues to expand, as more demands are made by users regarding the economic and functional efficiency of the buildings in which they live and work. Maintenance provides critical support for heavy and capital-intensive industry by keeping machinery and equipment in a safe operating condition (Parida and Kumar, 2006) . Tsang and Hui (2004) suggests that maintenance works is an important support function in business with significant investment in physical assets and plays an important role in achieving organisational goals. According to Egbu (2008) , buildings overall contribute 33 per cent to CO 2 emissions, which gives a substantial impact to the environment. Legislation and stakeholder concern increasingly require facility managers to reduce CO 2 emissions. In this respect, the management of buildings needs to be more systematically controlled. In 2006, the Malaysian Government allocated about 1 trillion ringgits towards maintaining public building facilities (Ninth Malaysia Plan, 2006) . However, in the Malaysian context, the government is yet to implement any guidelines for maintenance management and also the performance measurement of the system applied. Therefore, maintenance agents or companies from both public and private sectors have no systematic guidelines to be followed and no specific compliance to be adhered to in order to deliver the best possible service (Natasha et al., 2008) .
The identification of appropriate building standards is a key factor in determining the maintenance workload. The concept of an "acceptable standard" is mentioned in a number of the definitions previously discussed, but this does not imply that there is any absolute standard that would be satisfactory in all cases. While some requirements may have universal applicability, for instance, structural stability, others would have to be assessed on economic and social grounds according to the overall policies of the owner or occupier. Clearly, the different requirements of different organisations will make different maintenance policies an inevitable consequence. It is easy to discuss high standards or low standards in the context of some vague or undefined concept of quality, but the problem for the maintenance manager is how these standards may be objectively defined and performance measured against them (Wordsworth, 2001) . Since, there is no single measure of a building standard in Malaysian maintenance management practice for instance, this suggests a number of subsidiary criteria that must each be met to achieve the overall standard. Nutt and McLennan (2000) claim that the first step to maintenance management is performance measurement since it will give direction or evidence of the improvement progress. This was also suggested by The Office of Government Commerce (2011) of the UK in which suggested that measuring efficiency and effectiveness allows organisations to benchmark property against industry best practice, informing strategic decisions about buildings and their impact on delivery. Several frameworks have been developed for measuring performance over the years. Until 1980, the performance measurement was based on mostly financial measures (Parida and Kumar, 2006) . According to Kaplan and Norton (1992) , the approach at that time looks at the four perspectives that focus on financial aspects, customers, internal processes and innovation and learning. Subsequently, various researchers have developed frameworks considering non-financial measurements and intangible assets to achieve competitive advantages.
Performance measurement
In the past two decades, performance measurement has received a great amount of attention from both researchers and practitioners. Major issues related to this field concerns what to measure and how to measure it in a practically feasible Office buildings maintenance and cost-effective way (Neely et al., 1995) . The measurement of maintenance performance has also become an essential requirement for the industry today (Parida and Kumar, 2006) . The current position of the maintenance industry in Malaysia is that there is a lack of standard guidelines and monitoring of maintenance approaches by the many 1,000 of maintenance practitioners. Each successful company measures, its maintenance performance in order to remain competitive and cost effective in business. An important objective of the measurement system is also to bridge the gap and establish the relationship between the internal measures that may be seen as the causes and the external measures as the effects ( Jonsson and Lesshammar, 1999) . The efficiency and effectiveness of the maintenance systems play a pivotal role in the organisations' success and business sustainability. Therefore, the system's performance needs to be measured using a well thought out performance measurement system. The importance of performance measurement cannot be over-emphasised, with many authors stressing its role in today's information-driven decision making environment. It is the language of process for any organisation. It indicates where the organisation is and where it is heading. It functions as a guide to whether the organisation is en route to achieving its goals. It is also a powerful behavioural tool, since it communicates with the employee on what is important and what matters for the achievement of the organisation's goals. Clearly, the basis of performance measurement is that unless a measurable record is kept, it is difficult to know whether the approach works or otherwise (Hatry, 1978) . Ahmad (2008) affirms that building services assessment and condition monitoring need to be carried out as to determine the status of services provided to the users. Webster and Hung (1994) state that measurement is a key management activity that provides decision makers with the information necessary for decision making, monitoring performance and effective allocation of resources. It has been observed that companies using an integrated balanced performance measurement system perform better than those that do not measure their performance (Kennerly and Neely, 2003; Lingle and Schiemann, 1996) . Atkinson et al. (1997) state that performance measurement serves three basic functions: to co-ordinate, to monitor and to diagnose. Through these functions, if implemented and used properly, performance measurement can actually change the lives of people and effectiveness of organisations. Similarly, Cupello (1994) looks at performance hierarchies for different performance measures and provides four reasons why organisations need to conduct measurement; for planning, screening, control and diagnosing. In keeping with this, Rummler and Brache (1995) affirm that three significant levels of performance are the organisation, process and job/performer. However, Pintelon et al. (2006) argue that maintenance performance will depend on the perspective applied. For instance, accountants will think of maintenance in terms of costs, top management is often only interested in budget performance, engineers will focus on techniques, production will see performance in terms of equipment availability and support responsiveness. Tucker and Pitt (2010) show that performance management and measurement systems should balance the quantitative and the qualitative methods in order to gain an idea of ". . . customer satisfaction". The performance measurement needs to be aligned to organisational strategy (Kaplan and Norton, 2001; Eccles, 1991; Murty et al., 2002; Parida and Kumar, 2006) . The important aspects in designing the framework of a performance measurement system are the goals, design and management.
Organisations need such a framework to align their performance measurement system with the corporate strategic goals of a company by setting objectives and defining key performance at each level. White (1996) points out that performance measurement system should include subjective measures as well as objective measures whereby objective measures are addressed to have the advantage of not being biased by whoever is providing the opinion. Conversely, subjective measures provide a wealth and variety, which is not obtainable from objective measures alone. Sinclair and Zairi (1996) highlight the need to involve employees in the development of performance measurement. Employees are the individuals who operate the processes and who know the task best and thus, getting them involved will not only result in commitment toward efficient performance measurement but also influence the actual performance too. The literature suggests that an effective performance measurement system should be able to recognise different performance hierarchies and multiple dimensions of performance measures, relate the measures to the relevant goals and link them to strategy, address cross-functional issues, involve subjective measures as well as objective ones, involve employees to ensure that it gets their support and finally, it presents a balanced view of the system.
Significance of customers' opinions
A fundamental premise to the service concept is the notion of satisfying the customers' needs. A satisfied customer enhances a service and the firm's bottom line in multiple ways. Increased customer satisfaction generates positive reviews and brings in new customers to the firm. There are many studies that highlight the importance of customer satisfaction for a firm's success and how customer satisfaction can be measured. However, most of these studies are limited to the area of business-to-consumer marketing and not for the maintenance services provided. This study explores customer satisfaction as a function of end-users' perceptions about the maintenance services and then relates the importance of these perceptions to the performance level of the maintenance services provided. This is from the end-user perspective as this gives the most accurate results and perceptions of the services delivered to them.
According to Spires (1996) , there is a clear trend towards customers demanding industry specialised systems. The pressures and influences on suppliers to accommodate this demand are vast, but unless a supplier is of sufficient size to afford the continual improvement required for product development, they will struggle to achieve profitability and long-term stability becomes less likely.
As a result, smaller companies will either become niche specialists, or within the asset and maintenance management market. Form strategic alliances with one or more of the bigger companies, or quite simply go out of business. However, even for large companies, such development costs are a major expense, and to supply a unique system for each customer is not practicable. The solution is products that are modular, off the shelf, but also highly configurable to suit each customer's requirements. Through customer demands, we will see a rationalisation of suppliers of such solutions, and companies operating in this sector today may not necessarily survive in their existing form tomorrow. There are also wider complications for the whole of industry. Existing evidence has identified that the most successful implementations of asset and maintenance management solutions are in companies which embrace the concept of "best practice" as a total company culture. As a result, more and more companies will Office buildings maintenance look to establish overall "best business practice" which indirectly benefits industry in general (Spires, 1996) .
Maintenance performance indicators
An indicator is a product of several metrics or measures. A performance indicator is a measure capable of generating a quantified value to indicate the level of performance taking into account single or multiple aspects (Parida and Kumar, 2006) . Maintenance performance indicators are utilised to evaluate the effectiveness of maintenance carried out (Wireman, 1998) . Maintenance performance indicators could be used for financial reports, for monitoring the performance of employees, customer satisfaction, the health safety environment rating and overall equipment effectiveness as well as many other applications. If maintenance performance indicators are identified properly then maintenance performance can provide or identify resource allocation and control, problem areas, the maintenance contribution, benchmarking, personnel performance and the contribution to maintenance and overall business objectives (Kumar and Ellingsen, 2000) . Campbell (1995) states that there are three performance measurement indicators suitable to be applied as equipment, cost and process equipment ( Figure 1 ). Coetzee (1998) also agrees that machine or facility maintenance is among other factors like task, organisational and profit or cost that should be measured with focus on the efficiency level of each subject. He also suggests the use of performance ratios that are parallel to the performance parameters defined which include availability, mean time to failure, manpower utilisation and overall maintenance cost effectiveness. Although the measures form a balanced view of the maintenance system, they are yet limited to operational and tactical aspects. The measures appeal to different performance hierarchies but it is very difficult to identify the specific hierarchies to which they belong. They are also numeric and hard measures with no clear connections to the corporate strategy. Kutucuoglu et al. (2001) and Wordsworth (2001) agree on the indicator for performance which comprises of the performance of aspects which are related to equipment, task, cost, immediate customer impact and also learning and growth. However, Cupello (1994) states that the indicators divided into two aspects that are the satisfaction factors from customer and employee and also the performance of project and suppliers. Brown et al. (1994) suggests three similar factors with Cupello (1994) while adding that financial, product/service quality and public responsibility are also significant measures to assess the performance level of maintenance management. While Kaplan and Norton (1992) advocate different perspective on measuring performance level in which they classify the properties into tangible aspect as financial and intangible aspects like customers, internal processes and innovation and learning. Baharum et al. (2006) from his service quality framework differently proposes three different aspects for instance functional which focuses on the service quality, technical aspect on the property quality and also image aspect also from property quality.
Performance dimensions/parameters
Performance dimensions in this respect are basically the aspects that are focused based on the major indicators specified earlier. The dimensions or parameters set the limit of scope that to be measured in maintenance management system. Natasha et al. (2008) for instance, has used the building evaluation concept in her post-occupation evaluation to public office buildings in Malaysia which focuses on the building elements, building services and also noise pollution and vibration. Similarly, Nutt and McLennan (2000) lists the elements of building operations as general maintenance, utilities, cleaning, security and internal planning. Nevertheless, Ahmad (2008) proposes a more detailed list of dimensions on building maintenance management aspects that are significant for the performance measurement which encompasses a wide range of services as mechanical and electrical, fire fighting system, cleaning and housekeeping, civil and structural monitoring, security and safety management, parking system, landscaping and ground care services, environment and air quality control, energy and utilities computerised maintenance management system, vertical transportation and building maintenance. Baharum et al. (2006) in his service quality proposal indicates tangibles, responsiveness, empathy, reliability and assurance are the characteristics measured for the service quality. As for the property quality on functional aspect, he outlines cleanliness, building services, signage, security and parking as the dimensions to be assessed while for the image aspect the building aesthetics aspect of property quality Campbell (1995) Coetzee (1998) Kutucuoglu (2001) Kaplan and Norton (1992) Office buildings maintenance is delineated. The characteristics are also proposed by Al-Turki and Duffuaa (2003) in which he states that timeliness and reliability are two important factors that must be considered in measuring the performance of service quality. Parida and Kumar (2006) propose that the dimensions to be looked at from a maintenance service effectiveness point of view relate to external effectiveness. Service quality, timeliness of delivery and safety are the substantial dimensions with due regard also being given to growth in market share. For the internal effectiveness, there are four major aspects to be considered being the productivity, cost per unit, skill and competency and also reliability and efficiency of resource utilisation.
Service characteristics
Based on literature reviews on service characteristics outlined for the management service provided (Baharum et al., 2006; Al-Turki and Duffuaa, 2003; Isa, 2002; Spencer and Hinks, 2007) , the service characteristics chosen for this study is based on five service characteristics as tangibles, reliability, responsiveness, empathy and assurance. The dimensions determine the approaches used by the maintenance managers to communicate and deal with the building end-users. This study also adopts the service criteria as proposed by Isa (2002) as shown in Figure 2 .
Performance measurement system designed A performance measurement system is developed by incorporating the common maintenance management systems applied into it (Figure 3) . Based on the literature review, the performance or maintenance indicators are identified complete with the performance indicators, respectively. Functional indicator for instance outlines the management service delivery as its significant aspect. In this scope, the research assesses the performance of the service based on the characteristics such as reliability in which the assurance or confidence delivered by the managers, responsiveness as to whether positive or negative response is given and also timeliness which emphasises on the promptness of response or action taken.
As for the technical indicator, building maintenance with detailed list of the maintenance dimensions are identified with reference to the literature review and basic services provided generally by office building managers for instance cleaning, landscaping, general maintenance, lightings, air-conditioning, lift or escalators, mechanical and electrical, sanitary and plumbing, access, signage and also parking. These maintenance services are regarded as the backbone of maintenance management of an office building. This is in accordance with Egbu (2008) , which explains that the importance of building services to the success of an organisation has never been greater and continues to grow. Alternatively, for the image indicator, focus is on the quality of external and internal finishes of the building.
The three maintenance indicators namely functional-management service, technical-building maintenance and image-building image with respective dimensions are to be measured with both focus groups that are maintenance managers and end-users. Different performance key factors are designed for the focus groups like time, quality and costs are targeted as the benchmarking or key factor to measure the level of performance for maintenance managers' scope while only time and quality factors are designated for end-users as cost factor is most likely be unsuitable to be measured for this group.
All elements in this system are in overall interrelated and play important roles in sustaining the overall performance of maintenance management. These elements also meet the characteristics defined (Al-Sultan and Duffuaa, 2003; Parida and Kumar, 2006) as it is believed to be relevant, interpretable, valid, time effectiveness and also easy to be implemented.
Approach and methodology
Five high-rise office buildings in the vicinity of Kuala Lumpur are chosen for the case studies, whereby the important focus groups involved are the maintenance managers and end-users, respectively. Multiple data collection techniques were used in data collection process that is the combination of both quantitative and qualitative methods, which includes focused interviews, case studies and observation. Interviews are conducted specifically to the maintenance managers of five chosen high-rise Office buildings maintenance office buildings. Maintenance managers were asked on the building background, maintenance services provided, systems used, manpower, subcontractors as well as problems and improvements that have been completed or in progress for the building. Results of the interviews were then analysed for the research evaluation on the systems applied by the maintenance managers and for the relationships identification between the main two variables. Observation is also one vital step to fulfill the objective of this research, as it will record the patterns of certain scenarios or behaviours that occur in specific settings. Observations were conducted during site visit to the chosen case study areas and also while doing the interviews. It is based on direct observation that includes participant and non-participant observation, and also photography. In total, 1,230 sets of questionnaires were distributed to the five office buildings and 252 sets were returned for analysis. The authors personally distributed the questionnaires to the respondents and opted for follow up phone surveys for the late respondents. Sets of questionnaires with structured and semi-structured/open-ended questions were distributed to the respective building end-users to discover regularities among groups of maintenance management by comparison of answers to the same set of questions. The analysis of data from the questionnaires responses provides precise data from which tables and graphs are produced. Results and discussion All data were processed by using Statistical Analysis Software SPSS 16.0. Non-parametric techniques were used as the overall data were not normally distributed ( p , 0.05). Reliability test also proved that the variables were consistent (a ¼ 0.758).
Conformity of service characteristics elements
Functional as one of the main aspects of maintenance management systems comprises of five service elements that are the service characteristics namely tangibles, reliability, responsiveness, empathy and assurance. Results from Table I indicate that all service characteristics score more than 50 per cent which means that in average, all criteria of the service characteristics are implemented. As for tangibles, the average percentage of its conforming criteria is 56 per cent with low percentage of managers implementing an extensive usage of information technology (IT) in communication (40 per cent). Another affected factor is that not all maintenance personnel are provided with customer service training for at least once a year (40 per cent). Meanwhile, reliability attains the average percentage of 62 per cent as a major impact from the non-implementation of legal compliance plan (20 per cent). Other service elements like responsiveness, empathy and assurance show a significant amount of average percentage (80 per cent). However, there is a criterion that indicates no maintenance manager practice discussing priorities set by the clients/end-users (0 per cent). Table II compares on the conformity of the criteria of 12 service elements under functional class. All service elements attain more than 50 per cent average percentage with landscaping scoring the lowest one (53.3 per cent) and also lightings as the second lowest (60 per cent). There are four service elements namely cleaning, access, signage and safety and security that receives a full commitment (100 per cent) from all maintenance managers implementing all their respective service criteria. The other six service elements such as air-conditionings, lifts/escalators, mechanical and electrical, general maintenance, sanitary/plumbing and parking achieve percentage that ranges from 73.3 to 93.3 per cent.
This result also shows that all service criteria are implemented. However, there are four service criteria that are implemented , 50 per cent starting with two elements with the lowest percentages (20 per cent) that are no regular discussions are conducted by the maintenance managers with the clients in determining the landscaping layout preferred by the clients for landscaping and also no monthly updates on light fittings by the maintenance personnel. Similarly, only 40 per cent of the maintenance managers instruct the maintenance personnel to conduct daily checking on both indoor and outdoor plants. It is also seen that only 40 per cent of the managers agree that the parking space provided are sufficient to accommodate at least half of the building occupants. In overall, the maintenance managers implement most of the service criteria prescribed with minimal emphasis on several criteria pertaining to landscaping, lightings and parking.
Conformity of building image service elements
Building image as one more important class of maintenance management system encompasses of both external and internal images of a building. Table III image such as maintaining an excellent condition of building finishes and functionality of building signage and also the adherence to desired corporate image preferred by clients. However, a minimal amount of them (20 per cent) conduct at least once a year external cleaning work. Internal image on the other hand shows an excellent conformity of the service elements (100 per cent) resulting in all office buildings are in excellent physical condition with no physical effects resulting from a proper usage of cleaning agents. 
Office buildings maintenance
Conclusions Scrutiny of the conformity of the service element criteria shows that the majority of the maintenance managers did not emphasise several criteria pertaining to tangibles and reliability service characteristics. As for building services, excellent implementation of cleaning, access, signage and safety and security systems were accomplished. However, little emphasis was given by maintenance managers on criteria of several service elements such as landscaping, lighting and parking. Building image on the other hand showed an outstanding conformity by all maintenance managers particularly on internal image service criteria. This study has given an overview of the scenario of maintenance management of high-rise office buildings in Malaysia, particularly on the development of maintenance management systems and also performance measurement systems. The findings suggest that in general the common maintenance management systems applied for office building comprises of three major aspects namely functional, technical and image.
This work has shown that benchmarking or assessment on the performance of maintenance management is very important as it enables the maintenance managers to comprehend the strengths, weaknesses and also significance of the service provided and also both tangible and intangible values of the building. Indirectly, maintenance managers can identify any probable threats or risks of their services. Concurrently, the establishment of maintenance management performance levels is beneficial for the maintenance managers to implement immediate actions to improve the performance. It also serves as a signal that a major transformation is highly required to enhance the quality of performance. The positive relationship also ascertains that the implementation standard of maintenance management systems determines the performance of maintenance management systems. At the same time, the difference shown in the priorities of maintenance management service elements signifies that a strong emphasis on users' needs and requirements is required from maintenance managers.
Maintenance managers should value the important roles of end-users in evaluating the performance of maintenance services with a great attention given on their needs and requirements. Consultations with the end-users should be a mechanism to establish a proactive management process. Maintenance managers must also consider implementing a continuous benchmarking or assessments on the services provided and subsequently focus on any critical service elements identified. A thorough analysis on the implementation of all maintenance services and respective sub-contractors helps to identify the weaknesses and criteria that need to be improved. This paper concludes that maintenance management guidelines should be established in Malaysia to standardise the practices of office building maintenance managers. In relation to this, a statutory act on the compliance of maintenance management system criteria and regulations should be established to improve the maintenance management performance and also to avoid any mismanagement that could result in corruption and/or abuse of power.
